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Abstract: Driven by the global trend of population aging, the prevalence of neurodegenerative diseases, including
Alzheimer’ s disease (AD), Parkinson’s disease (PD), Huntington’s disease (HD), and amyotrophic lateral sclerosis
(ALS), has been rising consistently. The pathogenic mechanisms of these disorders are complex, and effective disease—
modifying therapies remain an unmet clinical need. Ferroptosis, a regulated cell death modality driven by iron—dependent
lipid peroxidation, has been widely implicated in the occurrence and evolution of the aforementioned conditions. Under
pathological states, both perturbed iron metabolism and reactive oxygen species (ROS) accumulation can precipitate
ferroptosis. Specifically, iron overload exacerbates oxidative injury via the Fenton reaction, disrupts the glutathione (GSH)
—based antioxidant defense system, and induces extensive peroxidation of polyunsaturated fatty acids (PUFAs) ,
ultimately culminating in neuronal damage. Furthermore, ferroptosis interacts synergistically with other pathological
hallmarks, such as oxidative stress, neuroinflammation, aberrant protein aggregation, and apoptosis, thereby accelerating
disease progression. A synthesis of current evidence indicates that disrupted iron homeostasis, enhanced lipid

peroxidation, GSH depletion, and impaired glutathione peroxidase 4 (GPX4) activity constitute the common basis for
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ferroptosis in these neurodegenerative diseases. Concurrently, ferroptosis also displays certain disease-specific

characteristics by engaging distinct pathogenic proteins and regulatory pathways in each disorder. In this review, we

delineate the molecular regulatory framework of ferroptosis, summarize its research progress in AD, PD, HD, and ALS,

and highlight both shared mechanisms and divergent regulatory pathways across these diseases, with the goal of informing

future investigations into disease pathogenesis and the discovery of novel strategies.

Key words: ferroptosis; neurodegenerative disease; programmed cell death; iron metabolism disorder; oxidative

stress
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fatty acid—coenzyme A; PUFA-PL: polyunsaturated fatty acid—containing phospholipids; ALOX: arachidonate lipoxygenase; PUFA-PL-OOH:
polyunsaturated fatty acid hydroperoxides (Lipid Hydroperoxide); ACSL4: acyl-CoA synthetase long—chain family member 4; LPCAT3:
lysophosphatidylcholine acyltransferase 3; H,0,: hydrogen peroxide; DMT1: divalent metal-ion transporter 1; ROS: reactive oxygen species; AB:
amyloid—beta; Tau: tau protein; a—synuclein: alpha—synuclein; PUFA-PL-OH: polyunsaturated fatty acid alcohols (Non—toxic lipid alcohols); 1L-1:
interleukin—1 beta; IL-6: interleukin—6; TNF—a: tumor necrosis factor alpha. This figure was drawn by Figdraw.
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Fig.1 Key pathways and molecular mechanisms of ferroptosis
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Fig.2 Schematic diagram of the pathogenic mechanisms and interventions of ferroptosis in AD and PD
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Fig. 3 Schematic Diagram of the Pathogenic Mechanisms and Interventions of Ferroptosis in HD and ALS
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Table 1 Pathological features and intervention strategies of ferroptosis in major neurodegenerative diseases

Potential intervention

Disease  Core pathological features Ferroptosis—related pathology o References
strategies / inhibitors
A AP deposition, hyperphos-  Iron deposition in hippocampus and cor- Iron chelators, Coenzyme —
phorylated tau protein tex; AB-induced iron accumulation Q10
Loss of dopaminergic neu- . . .
) Abnormal iron deposition in the substantia o ——
PD rons, a—synuclein aggrega- . Iron chelators, Antioxidants o
. nigra pars compacta
tion
) Decreased GSH levels, elevated lipid per- o .
HTT gene mutation, loss of L ) Antioxidants, Regulation of -
HD . oxidation products, neuronal iron accumu- . ’
striatal neurons i iron metabolism
lation
. . ) o _ Enhancing GPX4 activity,
Progressive degeneration and  Abnormal iron accumulation in ventral spi- -
ALS inhibiting motor neuron fer- o

loss of motor neurons

nal motor neurons and glial cells

roptosis

AD: Alzheimer's disease; tau:tau protein; AR :amyloid-beta; PD:Parkinson's disease; a—synuclein:alpha—synuclein; HD: Huntington's dis-

ease; HTT:huntingtin; GSH: glutathione; ALS:amyotrophic lateral sclerosis; GPX4: glutathione peroxidase 4.
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